JOURNAL 


OF THE 


WASHINGTON ACADEMY OF SCIENCES 


Vou. 19 Fesrvuary 19, 1929 No. 4 


GENERAL SCIENCE.—The lingering dryad.'. Paut R. Heyt, U.S. 
Bureau of Standards. 


There is an every day test which we all instinctively apply when we 
are in doubt whether a certain thing is alive. We watch for it to move. 
This is a test as old as humanity, though as we now apply it we intro- 
duce a logical refinement which was lacking in other days. Absence of 
motion, now as then, indicates absence of life, but the mere observation 
of motion does not always suggest to modern thought the presence of 
life. A sheet of paper may be rustled by an invisible breeze; stormy 
waves may arise in the ocean; the ground beneath our feet may tremble 
and split open; yet we of to-day see in such phenomena no reason for 
assuming life as a cause. 

Not so with the ancients. To them motion invariably suggested 
life, directly or indirectly involved. The sheet of paper, of course, was 
not alive, but the wind was the breath of Aeolus. The stormy sea was 
the direct physical result of the wrathful strokes of Neptune’s trident, 
and the heaving earth, by the same token, gave evidence of the dis- 
pleasure of Poseidon, the earth-shaker. 

While the mythology of the ancients contained much that we now 
regard as childish and ridiculous, there is also to be found in it that 
which we must still recognize as beautiful, such as the myth of the 
dryad. 

The dryad was a treenymph. Every tree had its protecting spirit 
who was born with the tree, lived in or near it in intimate association, 
watching over its growth, and who died when the tree fell. The dryad 
was thus a personification of the life of the tree, and the connection 


1 Presidential Address before the Philosophical Society of Washington, January 5, 
1929. Publication approved by the Director of the Bureau of Standards of the U. 8S. 
Department of Commerce. Received January 5, 1929. 
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between nymph and tree was far more intimate than was the case with 
the deities dominating sea or wind. Because of this peculiarly inti- 
mate relation the tree possessed life which the sea did not, though 
Neptune inhabited its depths, and which the wind did not, though set 
in motion by Aeolus. 

The men of old, it seems, drew very much the same distinction that 
we do when we speak of living and non-living substances. Water, they 
observed, never grew old or died, but a tree was obviously a living 
thing, almost one of us, growing, reproducing its kind, and eventually 
dying. And as the ancients had difficulty in forming an idea of life 
without an animating personality there arose were the concept of 
the inseparable tree nymph. 

Human thinking from the first has been te Fel anthropomorphic. 
Only in modern times has there been any notable effort to cast out 
anthropomorphism from our philosophy, and this struggle has not yet 
resulted in victory. Even we of to-day, with hereditary habits of 
thought heavy upon us, find the concept of impersonal, physical causes 
drab and unsatisfying, and we spell Nature with a capital N. The 
dryad lingers. 

In the chemistry of other days we find an interesting case of the 
persistence of this mode of thought. The old alchemists knew that 
wine by boiling lost its intoxicating power. Because they could see 
nothing escaping they said that the “spirit of wine” had found its 
abode too hot for it, and had taken its departure. Cassio used no 
figure of speech when he apostrophized the “invisible spirit of wine” 
by which he had been so disastrously possessed of the devil, and the 
- name “‘spirit’’ as applied to alcohol is still in common use. 

With the advance of knowledge it was found that many other 
phenomena beside intoxication owed their causes, not to spirits or 
devils, but to inanimate, prosaic chemical compounds. So strong, 
however, is heredity that the dryad, instead of disappearing from 
human thinking, merely changed her form and retreated under fire to 
a position of advantage across a natural barrier, where she long 
remained in safety. 

It was many years before this barrier was crossed. The dividing line 
between organic and inorganic substances was a sharp one in the 
eighteenth century, and from her safe refuge in the domain of organic 
chemistry the dryad long watched her baffled foes. The older chem- 
ists divided the province of their science in two by a water-tight parti- 
tion. All compounds with which they were acquainted could be 

















FEB. 19, 1929 HEYL: THE LINGERING DRYAD 75 


analyzed or broken down into their elements, but not all of them could 
be built up again by human skill. Water might be formed from its 
constituents, but not sugar or starch; yet these latter substances were 
daily synthesized in the laboratory of Nature, in the tissues of animal 
or vegetable matter; and, because they were nevér known to occur in 
mineral or inorganic matter, substances of this type were called from 
‘their origin, organic compounds. 

Years of experience had given rise to the belief that there existed 
between these two classes of bodies a difference in kind rather than in 
degree, and that there was some reason not understood why organic 
compounds could not be synthesized artificially. This unknown 
reason was given a name; it was called the “‘vital force.”’ 

It often happens that when the unknown is named it appears as if it 
were more than half explained. The vital force once named soon came 
to be a familiar concept. It was held to be resident in living matter, 
whether animal or vegetable, much like the dryad in the tree. It was 
believed to differ in kind from the chemical and physical forces that 
governed the formation of inorganic compounds. Under the influence 
of this vital force it was believed. that all the chemical reactions of 
living matter took place, and it was even supposed to govern the 
decompositions that occurred after death. 

The belief in a vital force of this nature was universal among 18th 
century chemists, even Berzelius being found among its adherents. 
The vital force seems to have been regarded with something like the 
awe inspired by the supernatural, and it was well into the 19th century 
before its hold on men’s minds began to relax. 

The past year 1928 marked the century of an epoch in human 
thought, for it was just one hundred years since the doctrine of a vital 
force received its logical death blow. In 1828 Wohler succeeded in 
producing by laboratory methods the first organic compound. This 
was urea, which he prepared by simply heating an inorganic compound, 
ammonium cyanate, containing the same elements as urea, namely 
carbon, hydrogen, oxygen and nitrogen, and in the same proportions. 

This was a body blow at the dryad, but she died hard. Her devoted 
adherents rallied to her support and explained away Wohler’s result in 
various fashions. In this they were aided by the fact that for years 
this synthesis stood alone, suggesting that there was something excep- 
tional about it. Some said that this proved merely that a mistake 
had been made; that urea was not really an organic substance, but 
occupied a place half way between the organic and inorganic king- 
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doms. Others argued curiously that the carbon of the cyanate 
retained some trace or memory of the vital force which had ruled it 
when it had previously been a part of some organic compound. But 
in time other syntheses were achieved in such numbers that the 
accumulated evidence became overwhelming, and it was finally rec- 
ognized that organic chemistry was only complicated inorganic chem- 
istry, and that the difference between the two was one not of kind, 
but of degree of complexity. 

We have said that the dryad died hard. As a matter of fact she did 
not die at all—she emigrated. Dispossessed by the advancing frontier 
of knowledge from the domain of organic chemistry which had so long 
afforded her a refuge, she retreated under fire into a less understood 
region beyond—into the biological sciences. Here the complexity of 
phenomena was (and still is) so great that among the shadows the 
dryad still finds a retreat. 

Biologists of to-day are divided into two camps—vitalists and 
mechanists. Between them a conflict rages, and the fate of the dryad 
still hangs in the balance. The vitalists argue that whatever may have 
been the case in the past we have now, by the progress of our knowl- 
edge, reached a dividing line which really marks a difference in kind; 
that there have been brought to light in the realm of biology phenomena 
of such a nature that they are not explainable by ordinary chemical or 
physical principles; that it is necessary to assume a principle peculiar to 
living matter (in other words, a ‘‘vital force’’) to explain them. Let 
us select what is perhaps an extreme case in illustration. 

Food taken into the stomach of man and other animals is digested by 
means of the gastric juice. Some of this food is meat (all of it in the 
case of certain animals), muscular tissue like that of the stomach itself. 
The question naturally arises why the gastric juice does not digest also 
the wall of the stomach. Is it not like trying to dissolve a piece of 
zine in acid contained in a zinc vessel? 

It is not easy to answer this question. It cannot be due in any way 
to mastication, for if a piece of meat is swallowed without chewing the 
stomach will eventually digest it. It cannot be argued that cooking 
accounts for the difference, for this is an art practised by man alone, 
and is a comparatively late acquisition on his part. And in the face 
of the use of tripe as an article of food it cannot be that the stomach 
contains a protective substance which other muscular tissue does not 
possess. 

There seems to be no difference between the stomach and the food 

















FEB. 19, 1929 HEYL: THE LINGERING DRYAD 77 


other than that the stomach is alive and the food dead, whatever this 
may mean; and even this explanation is hard pushed by the fact that 
the food of carnivorous animals under natural conditions usually 
reaches the stomach of the captor in a very short time after the death 
of the prey, an interval measurable almost in seconds. 

By considerations such as these the controversy between the vitalist 
and the mechanist is kept alive. The vitalist maintains that between 
the phenomena of the living and the non-living there is a difference in 
kind, not merely in degree. Just what this difference may be he is not 
prepared to say, but he maintains its existence. The mechanist, 
on the other hand, says that exactly the same arguments have been 
advanced in the past in connection with problems that seemed just as 
insoluble, and that these arguments have finally been disposed of by 
the progress of our knowledge. Differences in kind, once regarded as 
numerous in Nature, have slowly and steadily been resolved into 
differences in degree. Sharp lines of demarcation have been wiped out 
until the line between the living and the non-living is perhaps the only 
one left. Such diverse phenomena as those of electricity and light 
have been found to be closely akin; man himself has been shown to be 
one with the rest of animated Nature; and if the past is any guide to 
the future, it seems that even this last sharp line will some day dis- 
appear also. 

Perhaps the vitalist himself may not realize it, but to the student of 
the philosophy of history this vague “difference in kind’’ suggests the 
last lingering trace of what was once a dryad. As a cloudlet dwindles 
and disappears in the beams of the sun, so the dryad has shrunk to a 
mere wisp of vapor, which with a little more light seems destined to 
disappear forever. 

But now that we have finished pointing out the mote that is in the 
biologist’s eye, let us examine our own clarity of vision. Are we 
physical scientists in any measure responsible for the lingering of the 
dryad? 

By the latter half of the nineteenth century physical theory had 
become a well knit, sharply crystallized and self-sufficient body of 
doctrine. While it was recognized fully and generally that much was 
as yet unknown, it was felt quite as generally that what had been 
established would, with perhaps a little amendment and modification, 
stand forever. The physical theory of the last century was much 
admired by its devotees, upon whom it reacted in turn to the extent of 
making them at times a bit dogmatic. If there was a conflict between 
physics and a sister science, physics must be right. 
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The classical instance of this attitude is the famous controversy 
over the age of the earth, between the physicists on the one hand and 
the geologists and biologists on the other. Perhaps nothing in the 
annals of nineteenth century physics made such an impression upon 
the sister sciences. This controversy lasted for 33 years with unabated 
vigor, and was not finally settled until the discovery of radioactive 
substances. 

In 1862, upon the basis of the laws of the conduction of heat as laid 
down by Fourier, Kelvin calculated that the time that had elapsed 
since the earth had solidified from a molten state could not be less than 
20 millions or more than 400 millions of years. He admitted that 
rather wide limits were necessary, but was-inclined to attach more 
weight to the lower figure than to the higher. In this he was con- 
firmed by a similar calculation made by Helmholtz of the age of the 
sun. 

At this estimate biologists and geologists stood aghast. The pros- 

pect of having to pack into a paltry 400 million years the whole 
progress of organic evolution from amoeba to man seemed to biologists 
unreasonable. And with the geologists the situation was still worse. 
It was generally recognized that a very long period of time must have 
elapsed after solidification before life of the most primitive form made 
its appearance, and this period, in addition to that required by evolu- 
tion, must be made to fit Kelvin’s Procrustean bed. Moreover, it was 
felt by geologists that such a view involved a return to eighteenth 
century ideas, from which geology was just beginning to emerge. 

Prior to the nineteenth century geological thought was of the 
catastrophic school. It was held that natural forces were more active 
and powerful in past geological ages than they now are; that great 
convulsions of Nature had riven the crust asunder into valleys and 
elevated other portions into mountains. By the middle of the nine- 
teenth century the opposite, or uniformitarian school of thought had 
achieved the ascendency, largely through the influence of the geologist 
Lyell. On this view it was held that geological processes had never 
differed seriously from those of the present day. As a consequence of 
this doctrine an immense antiquity was required for the earliest 
geological strata, and with this almost unlimited time at their disposal 
biologists felt unhampered. 

Then came Kelvin’s bomb shell. Protest and appeal were not lack- 
ing, but Kelvin was inexorable. Physics, he said, could grant no 
more, and physics held the power of the purse of time. 
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The widespread and long continued interest in this controversy is 
evidenced by the many letters published on the subject in “Nature” 
from January to April, 1895. As proof of the fact that Kelvin did 
not stand alone in this matter it is of interest to note that not a single 
physicist failed to support him in theory, though there was a general 
feeling that perhaps his limits might be widened somewhat. The 
discussion was finally summed up by its initiator, Professor John 
Perry, who expressed the opinion that the upper limit assigned by 
Kelvin might perhaps be multiplied by four. But this concession 
‘brought about no rapprochement. The two sides were not near enough 
to dicker. 

A few years later the deadlock was finally resolved by the discovery 
of radioactivity. This new and totally unexpected source of terrestrial 
heat nullified Kelvin’s fundamental postulate, and allowed as much 
time as the most extreme views could require. 

Rightly or wrongly, this celebrated case had an unfortunate effect 
upon inter-scientific relations. The biologists in particular felt that 
the character of their problems and the evidence for their conclusions 
were not appreciated by the physicists. The impression was-gained 
that physics was for some reason incompetent to treat of biological 
questions, and that the life sciences required for their complete discus- 
sion and development something that was not and could not be found 
in physical theory. It may scarcely be doubted, I think, that this 
impression of the inadequacy of physics went far toward strengthening 
and prolonging the life of the vitalistic hypothesis. 

But, to be fair, we must recognize that the vitalism of to-day is not 
that of a century ago. To use a term borrowed from mineralogy, 
it is but a pseudomorph of its predecessor, cast in the mould of the 
older form, and simulating its outward shape, but inwardly of a differ- 
ent composition. The neo-vitalist of to-day disclaims utterly anything 
savoring of the occult or the supernatural; short of this, he is ready to 
accept any adequate explanation of life. He maintains, however, 
with equal firmness that even modern physical theory lacks something 
necessary tc explain vital phenomena; that no interplay of atoms, 
however complicated, can account for the simplest manifestation of 
life. In brief, the vitalist looks outward for the explanation of life; 
the mechanist looks inward. 

The attitude of the mechanist is, for the present, largely one of faith 
and hope rather than sight. He admits that modern physical theory 
affords no explanation of life, and that there is no reason to believe we 
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are any nearer a solution now than we were a century ago. But, 
encouraged by precedent, he holds steadily his faith that some new and 
unexpected discovery may at any time clear our vision as radioactivity 
clarified that of our predecessors. And he is confident that when the 
solution of this mystery is reached it will be found to be internal rather 
than external. 

But while we are waiting for something of this kind to happen, may 
we by any chance find some foreshadowing of a possible common 
ground in existing physical theory? 

Let us imagine, if we can, some one whose physical experience has” 
been limited to solids and who is ignorant of molecules and atoms. 
The latter will not be so difficult when we remember that it has not 
been so very long ago that we were all ignorant of any sub-atomic 
structure. Matter, to our supposed observer, is continuous and 
infinitely divisible without alteration in its properties; its structure is 
perfectly uniform to the last conceivable degree. Suppose further 
that he observes for the first time the melting of a solid. That which 
would probably impress him most in this process would be its abrupt- 
ness, its sharp initiation. By continual influx of heat the solid suffers 
a steady rise of temperature, which seems as though it might continue 
indefinitely as long as heat is supplied. But suddenly, without warning 
or apparent cause, a critical point is reached. Though the influx 
of heat is not halted the temperature stops rising. A new effect is 
seen, different in kind from any phenomenon known in solids. We 
say that the body is undergoing a change of state and is becoming a 
liquid. In this new state new laws govern its behavior; new properties 
are evident, differing in kind, not in degree, from those of solids. 

Our unsophisticated observer might well wonder at this curious 
behavior; but should we, from our superior knowledge attempt to tell 
him that this difference in appearance and behavior is not a matter of 
composition or outside forces, but of internal structure, we might find 
him rather incredulous. 

“No,” he might say. ‘Something has happened to stop the rise of 
temperature. There has been an introduction of a new factor into the 
situation. You speak of structural difference. I do not understand 
you. The structure of a solid, as I am familiar with it, could not be 
more simple than it is—continuous, infinitely divisible, uniform 
throughout, with no shade of difference anywhere upon which to build 
up an explanation. No; we must look outside for the cause of this 
change. Liquid phenomena are not expressible in terms of the 
properties of solids. He who maintains that they are is a mechanist.”’ 
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In this belief he might be confirmed if he pushed the heating of the 
liquid far enough. At a second critical point, again unheralded and 
without apparent reason, the liquid begins to boil, and the resulting gas 
exhibits a new set of phenomena, differing in kind from anything to be 
found in either solids or liquids. The new phenomena in this case 
depart even more widely from those of the other states than was the 
ease at the first critical point. 

To us, with our knowledge of molecules, the explanation of these 
critical points and different states is comparatively simple and internal. 
It is true that the phenomena of one state are not to be expressed in 
terms of the properties of another; the behavior of gases cannot be 
deduced from the laws of elastic solids or of incompressible liquids. 
The solution does not lie in a line joining one state to another, but goes 
back from each state to the common basis of molecular structure 
underlying all states, something of which our observer is yet to become 
aware. And until a similar common ground for the phenomena of 
living and non-living matter is recognized there must be a difference 
of opinion between the vitalist and the mechanist. 

What this common basis may be we cannot as yet surmise. It 
remains for some new discovery to open our eyes. It must be some- 
thing deeper and more fundamental than molecules or atoms, In so 
far the vitalist is right; and in so far as he maintains that the mere 
interplay of atoms contains the key to the mystery, the mechanist is 
wrong. But such a common basis, underlying and forming part of 
non-living as well as living matter, would be an internal factor, and 
it is for such a factor that the mechanist is looking. 

The parallel here suggested is worth pushing farther. The past 
history of Nature has been one of change, of growth, of that develop- 
ment which we call evolution. Her future, if hindsight is to be 
trusted, will carry this evolution onward to a consummation of which 
we can as yet form no conception. Nature, we may say, has been 
steadily warming up to her work since the beginning of things. And 
in this warming up process we may distinguish several critical stages, 
strangely suggestive of the different states of matter. 

The first of these critical points was reached millions of years ago, 
when life first made its appearance, a totally new phenomenon super- 
imposed upon inanimate Nature. For untold ages life was impossible 
on the earth, but eventually, when conditions allowed, life appeared, no 
one knows how. With its appearance a new order of things was 

introduced, and phenomena not to be found in inorganic Nature began 
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to show themselves. With the advent of the organic, new motives of 
action are recognizable, and new combinations are possible. The 
vitalist explains this by bringing in a mysterious something from the 
outside; the mechanist is persuaded that matter in acquiring life has 
not ceased to be a conservative system; only in its behavior is it 
transformed. 

Moreover, this transformation has not been complete. Living and 
non-living matter exist side by side and will probably continue to do so. 
The physicist would call this the co-existence of two phases at one 
temperature, like a mixture of ice and water at the freezing point, 
each following its own laws and exhibiting its own characteristic 
properties under the same environment. 

We may, perhaps, by poetic license think of the first beginnings of 
life as feeling strange and lonely in the midst of the non-living matter 
surrounding them, so different in properties, in behavior. And 
perhaps we may imagine that the works and ways of non-living matter 
occasionally grated on the sensibilities of the living, and called forth 
the protest: ““‘Why are you so mechanical? Why not show a little 
flexibility occasionally?” But this protest, we may imagine, was 
wasted. “It is my ancient way,” replied non-living Nature, ‘‘the 
way I did for millions of years before you new-comers appeared upon 
the scene. I cannot mend my case. Why not do as I do and be 
sociable?” 

But this is just what living matter will not do. Like white men in 
the tropics, it maintains its standard of living among an overwhelming 
majority of an inferior grade of civilization. 

Millions of years have passed. Life is no longer 2 new-comer, a 
feeble colony, but has waxed mighty, and has become the outstanding 
feature of the earth’s surface. And now we have reached a 
second critical point. Life has attained such a degree of complexity 
that a new set of phenomena is beginning to make its appearance, 

something different in kind from anything that has been before; as 
different in its turn as was life itself compared to inanimate matter; 
something superimposed upon life as life of old. was superimposed 
upon the non-living. And it is, appropriately enough, in man, the 
highest type of life, the flower of creation, the peak of evolution, 
‘the heir of all the ages in the foremost rank of time,’ that this new 
thing first makes itself manifest—a moral sense, an ethical feeling, 
which often finds itself as much a stranger in its environment as life 
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must have felt among the crystals and colloids among which it began 
its existence. If-we must find a single word to express this new quality, 
let us call it Soul. 

Within us is developing a new thing, as wonderful as life itself and 
no less rich in possibilities. Life in its turn has brought forth some- 
thing of a higher order, transcending itself, as it once transcended 
non-living matter. And that this new thing has elected to make its 
appearance in and through us, the highest of Nature’s children, what 
is more reasonable? Do men gather figs of thistles? 

But here the vitalist takes his last stand. “I know,” says he, 
“that past history points your way; that one step after another, I 
have been forced to give ground. I, who once held that no one but 
God could make an organic compound, have lived to see it done by 
high school students. You mechanists, on the other hand, have 
pressed steadily forward. But beware lest, flushed with success and 
intoxicated with power, you attempt too much and achieve your own 
downfall. What you tell me now goes beyond all bounds of credence. 
Am I to understand that all that makes a man, his ethics, his poetry, 
his music, his aspirations, his ideals, are from within? Are these, too, 
of the earth, earthy? Never! These, at last, must come from without. 
Can ideals rise higher than their source?” 

Of the earth, earthy! But why should there be anything mean or 
unworthy about that which comes from within rather than from 
without? Is the macrocosm essentially nobler than the microcosm? 

True, tradition runs that way. Man at different times has set his 
gods in the most inaccessible places, on the summit of Mount Olympus, 
or across the rainbow bridge in Asgard; but the greatest idealist that 
our race has produced broke with this tradition when he said: ‘“The 
kingdom of God is within you.” 

And perhaps it may be true that ideals can rise higher than their 
apparent source. Just as every great genius had parents of less than 
his own ability, who yet in some mysterious way endowed him with 
more than they themselves possessed, so Nature has produced within 
us something without precedent in the life history of the earth. And 
as a parent watches with pride a child who gives early promise of 
outdistancing his elders, so Mother Nature may be watching us. 

What is this new thing which Nature has brought forth, and with 
the development of which we have been entrusted? No man can say, 
but it is a fair inference that it will go far. Life has gone far from a 
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tiny speck of protoplasm; who knows to what lengths this new thing, 
this mind, this soul, if you will, may carry us? For it doth not yet 
appear what we shall be. 


PALEOBOTANY.—A walnut in the Pleistocene at Frederick, Oklahoma.' 
Epwarp W. Berry, Johns Hopkins University. 


The specimen which is the subject of the present note is of consider- 
able interest since it was found in a consolidated Pleistocene gravel 
associated with flint implements and the bones of extinct mammals. 
Comments by Spier, Hay, and others on the first arrow point found 
have appeared in Science, and the mammals will be described by 
Dr. Hay, to whom I am indebted for the opportunity of studying the 
walnut. The locality is about 1 mile north of Frederick in Tillman 
County, Oklahoma. 

The nut is somewhat water worn, approximately spherical in form, 
being 1.9 centimeters high and 2.1 centimeters in diameter, and shows 
the long surface ridges of the existing rupestris group of forms. It is 
in marked contrast in this feature with the californica forms of the 
Pacific coastal region or with Juglans nigra of southeastern North 
America. The last has sharp and broken ridges, in even minimum 
sized nuts and is readily and certainly distinguishable from the fossil. 

The typical rupestris, which still occurs in creek valleys around the 
Wichita Mountains in the immediate vicinity of Frederick, has much 
smaller nuts which are only about three-fourths the size of the fossil 
and with relatively broader ridges and narrower grooves. The more 
southern and western Juglans rupestris major has much larger nuts 
which are oblately depressed and laterally expanded. Its ridges tend 
to be broader and its grooves narrower than in the fossil. Typical 
specimens of rupestris, rupestris major, and the fossil with a portion 
of: the consolidated grayel matrix are shown in the accompanying 
figures. : 

The present fossil form furnishes a good illustration of the difficulties 
attending the precise evaluation of a single specimen when its existing 
relatives integrade, and are not satisfactorily segregated by systematic 
botanists. The well known black walnut, Juglans nigra, a tree of 
deep rich and well watered soils, extends into eastern Oklahoma, where 
it is found in the Ozark plateau country, and southward over eastern 


1 Received January 4, 1929. 
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Texas to the San Antonio River. So far as known it does not occur 
naturally as far west as Tillman County. 

The typical Juglans rupestris is present in stream valleys in south- 
western Oklahoma, usually in soils derived from limestone country- 
rocks, and in similar situations in northern and western Texas. Jug- 
lans rupestris major occurs disconnectedly from Tarrant County, 
Texas, (Sudworth) westward across southern New Mexico and Arizona 
and into northern Mexico. It is a more distinctly arborescent form 
than rupestris and is confined to disconnected stations of richer moister 
soils of canyon bottoms. Where the ranges of the two forms overlap 
in Texas intermediate forms are said to occur, but the question has not 
been critically studied. I have assumed? that major was the ancestral 




















Fig.1. Juglans rupestris Engelmann. 
Fig. 2. Juglans rupestris major Torrey. 
Fig. 3. Juglans rupestris pleistocenica Berry. 


form which at the present time is confined to relict environments, and 
that rupestris is the derivative form evolved during the progressive 
desiccation of the southwest. 

The fossil, intermediate in size between the two, might be inter- 
preted as standing midway between them in the assumed evolutionary 
series mentioned in the preceding paragraph. Verification would 
depend upon more specimens of the fruit as well as a knowledge of the 
foliage and general habit of the tree, which we are not likely ever to 
acquire. The fossil might also be considered as affording evidence of 
a somewhat more mesophytic climate at the time it was living in 
southwestern Oklahoma. Such a conclusion, however, would be 
justified only by finding it abundantly distributed with appropriate 
associated forms, since the well known habit of Juglans of retreating to 


? Epwarp W. Berry. Am. Mus. Nat. Hist. Novitates No. 221. 1926. 
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favorable stream side habitats in regions where the general climate is 
unfavorable, notably shown by the existing California species and 
also by the two existing southwestern species immediately concerned 
in the present discussion, completely invalidates the attempt to draw 
any far reaching conclusions from the fossil occurrence. This is shown 
by the gravel matrix, apparently a stream deposit, indicating that the 
parent tree must have been a stream-side form, although we can not 
tell whether it was confined to such situations. 

Regarding the age of the deposit it may be pointed out that any 
attempt to arrive at the relative age of the fossil is rendered impossible, 
since estimates in the absence of age determinations based upon 
independent criteria rest on the distribution of the most closely 
allied living forms and the probable rate of change of climatic and other 
factors governing the change of range. These fail in the present case, 
since rupestris is still found in the immediate vicinity, major a relatively 
short distance to the south, and nigra a relatively short distance to the 
east. Accordingly to Dr. Hay the associated mammals indicate an 
early Pleistocene age. 

In order to distinguish the fossil form from the two nearest living 
forms, at least until such time as systematic botanists shall have 
satisfactorily determined their status, I have given it the varietal 
name pleistocenica, without, however, meaning to imply that it is 
necessarily an extinct variety. This can not be determined satis- 
factorily from the present evidence. 


PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


PHILOSOPHICAL SOCIETY 
977TH MEETING 


The 977th meeting was held at the Cosmos Club, October 13, 1928. 

The program consisted of a symposium on the constants of nature. 

P. R. Heyu: Gravitation. The constant of gravitation is one of the few 
natural constants that cannot be expressed in terms of anything else. The 
best value obtained for it at present (Bureau of Standards, 1927) is 6.664 x 
10-* in c.g.s. units. 

It is known that this constant is independent of the nature of the material 
to a high degree of accuracy. Edétvés by the torsion pendulum has proved 
that for ordinary materials this is true to 6 parts in 10°. For radioactive 
substances, where the amounts available for experiment were smaller, the 
precision reached was less. It is also known that this constant is independent 
of the temperature to 1 part in 10,000. 

Einstein’s theory of gravitation makes possible the speculation that this 
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constant may be a function to a slight extent of the masses involved in the 
gravitative action; also that the constant may vary slightly when relatively 
small distances are considered. (Author’s abstract.) 

W. D. one Geodetic data. (Published in full in this JourNnat 18: 
571. 1928. 

W. J. Peters: Terrestrial magnetism. The generalized magnetic field of 
the earth may be ascribed to the combined effect of three agencies, one within 
the earth possessing a potential and accounting for 94 per cent of the earth’s 
total field, another around the earth outside also possessing a potential, and a 
third having no potential. 

The coefficients of the series of solid spherical harmonics expressing the 
potentials are known as Gaussian constants. There are three of the first 
order which have a simple physical meaning. The terms containing them 
represent for the inner field the potential arising from the uniform magneti- 
zation of a sphere, the earth, parallel to a fixed axis. The magnetic moment 
corresponding is 8.04 x 10” ¢.g.s. which was decreasing during the last 80 
years by 1/1500 part annually. For the outer field the moment is only 0.14 
x 10% c.g.s. The point where the fixed axis pierces the earth’s surface in 
the northern hemisphere is in latitude 78° 32’ north and longitude 69° 08’ 
west of Greenwich. For the outer field the fixed axis pierces the surface in 
the northern hemisphere in latitude 75° 48’ north and longitude 121° 24’ west 
of Greenwich. The other ends would pierce their antipodes. Neither axis 
passes through the magnetic poles which are in latitude 70° 50’ north and 
96° 00’ west longitude and in 71° 10’ south latitude and 150° 45’ east longi- 
tude respectively. That is, the magnetic poles are not quite diametrically 
opposite but each is about 2300 kilometers from the antipode of the other. 

The axis of the inner field is moving slowly, the north end towards the 
west and the equator. 

Besides the constants of higher orders in the analyses of the two fields 
having a potential there are others awaiting confirmation and physical 
interpretations. Especially problematical is the field having no potential, 
which at present can only be explained by the existence of vertical currents of 
electricity passing through the earth’s surface of about 10-" amp/cm?, where- 
as the observed currents of atmosphere are too small to be detected by the 
methods of Terrestrial Magnetism. 

In order to study magnetic disturbances, particularly those of long period, 
it is necessary to devise some suitable measure of the disturbance or magnetic 
activity of the earth. For this purpose 40 observatories have gotten out the 
so-called character-numbers for each day (beginning Greenwich midnight) 
graded according to the intensity of disturbance as it appears to the unaided 
eye looking at the three curves usually registered, as 0, quiet; 1, moderately 
disturbed ; 2, greatly disturbed. They are not constants nor do they depend 
on any constant. 

The magnitude of the diurnal ranges in declination is apparently a function 
of the magnetic dip and sunspot-numbers involving constants. Both the 
form of the function and the magnitude of the constants are as yet but 
approximately known. 

The secular variation is another quantity the value of which is but approxi- 
mately known. It appears to be a function of space as wellas time. Attempts 
have been made to get expressions for it from Fourier series, but the results 
have not been very satisfactory. (Author’s abstract.) 

O. H. Gisu: Terrestrial electricity. 
L. H. Apams: Geophysical data. 
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978TH MEETING 


The 978th meeting was held at the Cosmos Club, October 27, 1928. 

Program: Wit11aAM Bowte: The stability of the earth’s crust as tested by 
triangulation. Practically all land areas of the earth have been below sea level 
at some time in the distant past, hence their present exposure is due to a’ 
change in elevation. This change has involved thousands of feet in many 
instances. There are also evidences of great horizontal movement as is 
indicated by buckled strata and overthrusting. The question is frequently 
asked, by students of the earth, at what rate do the uplift and horizontal 
movement take place. These are problems which can only be solved by 
exact measurements on the ground. Changes in geographic positions over 
wide areas can be determined by triangulation and differences in elevation 
may be obtained by exact leveling. 

At the request of the Chairman of the Committee on Seismology of the 
Carnegie Institution of Washington, Dr. Arthur L. Day, the Coast and 
Geodetic Survey began in 1922 a new triangulation of all the stations which 
coincide with those which had been established prior to 1898 in California. 
This triangulation extends from the Sierra Nevadas to the eastward of San 
Francisco westward to the coast, then along the coast to the mountains just 
to the eastward of San Diego. A short spur extends from the vicinity of 
San Francisco northward to Point Arena. 

The old and the new triangulation were executed according to the generally 
accepted specifications for first order work. The angles in this class of 
triangulation were observed with such accuracy that on the average the sum 
of three angles of a triangle will equal 180° plus the spherical excess within 
about 1”. The maximum closing error of a triangle seldom exceeds 3”. 
Base measurements are made of sides of the triangles at intervals of about 
100 miles or more depending upon the size of the figures to control the lengths 
of the arc of triangulation. Also Laplace stations, for which the astronomic 
azimuths are corrected for the deflections of the vertical, are placed along the 
are of triangulation in order to prevent any swerving in azimuth of the 
triangle sides. 

Triangulation was extended to the eastward of the two terminal points 
mentioned above, one into Nevada and the other into Arizona, to check the 
stability of the ground occupied by the terminal stations. 

A readjustment of the triangulation net of the western half of the country, 
made a few years ago, furnished the basis for the study of the changes in 

graphic positions in California. These changed positions are due to two 
actors: first, the unavoidable errors of triangulation; and second, earth 
movements. Certain parts of the triangulation showed such small changes in 
position that no earth movements are indicated. The agreement of the old 
and the new angles for these apparently unmoved areas furnishes a means of 
testing angles along those parts of the triangulation where movements are 
indicated. 

For instance, a comparison of the old and the new values for 254 angles in 
the unaffected regions showed that only six had differences greater than 2” 
and no one angle had old or new values differing as much as 3”. 

At some of the stations, in the vicinity of Pt. Arena, there were changes in 
angles as great as 264’, also at stations between Mt. Ross and the vicinity of 
San Luis Obispo there were changes as great as 14” in the angles. These 
changes were so large as to definitely indicate earth movements. It is 
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possible to use the results of the adjustment of the western half of the triangu- 
lation of the United States, involving 13,000 miles of arc, to determine the 
accuracy with which a distance is obtained from triangulation. The differ- 
ences in the values for the lengths of sides of triangles, determined by the old 
and the new triangulation, can be compared with the accuracy with which 
distances can be obtained and, should the two differ greatly, earth movement 
would be indicated. 

The greatest change in geographic position for any one station was 10.4 
feet at Pt. Reyes L. H. The next largest one is at station Lane, 7.4 feet. 
That station is close to Pt. Arena. The third largest change is at station 
Santa Ana which is 6.5 feet. In general, the changes are in a southeasterly 
direction for the stations to the eastward of the San Andreas fault and the 
few stations which have northerly or northwesterly changes are on the western 
side of the fault. The general conclusion may be reached that no material 
change in geographic positions due to earthquakes has occurred at points 
used in the triangulation which are far removed from the San Andreas fault. 
The limiting distance for such movements is probably from ten to twenty 
miles. The exact distance is not known. 

A study has been made of the old and of the new triangulation of Cali- 
fornia and the results of that study have been prepared in manuscript form 
for a special publication, No. 151, of the U. S. Coast and Geodetic Survey, 
which should soon be off the press. This publication may be obtained, by 
anyone interested, from the Superintendent of Documents, Washington, 
D.C. (Author’s abstract.) 

E. C. CrirrenpEN: A standard basis for heterochromatic photometry. This 
paper reports two recent developments leading toward the acceptance of a 
standard method for comparing the visual intensities of lights of different 
colors. In attempting to establish such a standard method we facea dilemma; 
on the one hand, measurements of “‘light’”’ mean nothing unless they represent 
effects on the eye and mind, while, on the other hand, the reaction of the 
eye to light is extremely variable. No absolute quantitative value can be 
assigned for any light. The best we can do is to assign relative values in 
comparison with some standard. 

When the quality of the lights compared is different, even the relative 
values depend upon the observer and upon the methods of observation. In 
many practical measurements this difficulty is met by using filters to equalize 
the colors of the standard light and of the one to be measured, but in the 
calibration of these filters one must meet the fundamental difficulty. Definite 
values for the transmission of such filters can be given only by assuming 
definite conditions of measurement, of which some must be arbitrarily chosen. 

Measurements on colored filters might be made by many methods, but 
only three are seriously considered. These are (1) the use of the standard 
Lummer-Brodhun contrast photometer, (2) measurements by flicker 
observations, (3) calculations by means of luminosity data involving spectral 
energy distribution for the source of light used, spectral transmission factors 
for the filter, and “visibility factors” which represent the relative sensibility 
of the eye to radiation of different wavelengths. This third method is far 
more complicated than the others, but when it is used all the physiological 
and psychological difficulties are hidden in the visibility factors. When these 
are agreed upon, the measurements remaining to be made are purely physical. 

Visibility factors proposed by Gibson and Tyndall of the Bureau of Stand- 
ards were provisionally adopted by the International Commission on Illumina- 
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tion in 1924, but there has remained some doubt as to the consistency of these 
data with the results obtained by the more direct methods of measurement. 
To settle this question and provide a uniform basis for measurements of 
colored light in this country, measurements have been made on a series of 
filters by different methods in several laboratories. These filters present a 
large range of colors, and deviations of individual measurements on some of 
them were large. Nevertheless, average results by all three methods men- 
tioned above agreed very closely. This shows that the values adopted for 
the spectral visibility factors are concordant with direct observations of 
integral luminosity. Furthermore the several laboratories agreed more 
closely by the spectral method than by the direct methods of observation. 

While the measurements mentioned were made on highly colored filters, 
the same difficulties have affected values for candlepower standards having 
colors less conspicuously different. For example, it is known that there are 
systematic discrepancies as large as 7 per cent between the candlepower 
ratings of electric lamps in different countries. Small changes in the efficiency 
of lamps have large effects on their life, and this 7 per cent difference in 
measurement of the light output would-represent 40 per cent change in the 
length of service to be expected from the lamp at a given efficiency. 

The satisfactory results of the spectral measurements made on filters by 
different laboratories in this country gave a basis for proposing definite 
recognition of this method by the International Commission on Illumination, 
which met in September, 1928. The Commission in effect recommended 
that the national laboratories follow this procedure in order to agree upon 
common units of candlepower for use throughout the world. Measurements 
are already in progress which it is hoped will bring about such agreement. 
(Author’s abstract.) 


979TH MEETING 


The 979th meeting was held at the Cosmos Club, November 3, 1928, as a 
joint meeting with the Biological Society of Washington. 

Program: Seria Hecut: The nature of the sensitivity of animals to light. 
Most light-sensitive animals possess in common certain familiar properties: 
the capacity for light adaptation; the capacity for dark adaptation; an inten- 
sity threshold; a light and dark period in the duration of stimulus reception; 
and the ability to discriminate differences in intensity. From these similari- 
ties one may suppose that the organization of the photosensitive system 
which determines photoreception is fundamentally similar. An hypothesis 
has therefore been proposed in which a qualitative and quantitative represen- 
tation is made of these and many other characteristics of photoreception. 
This system is a coupled photochemical reaction, and consists of two parts: 
first, a reversible photochemical reaction proper; and second, an ordinary 
chemical reaction which is catalyzed by the photolytic products of the first 
reaction. A definite amount of material is required to be formed in the 
secondary reaction in order to discharge the sense cell and to start an impulse 
in the attached nerve. 

When intensity discrimination is studied in terms of this system it is found 
that for an animal to distinguish between one intensity and the next percep- 
tibly different one, there is necessary a constant increment in the amount of 
photosensitive material decomposed in the sense cell. It is possible to 
describe this as an increase in frequency of discharge to the attached nerve, 
or as an increase in the number of sense cells functional in a given area. 
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The former makes it difficult to understand the discontinuity of intensity 
discrimination, whereas the latter involves the existence of a statistical . 
distribution of thresholds among the sensory cells. Independent evidence 
from the relation between visual acuity and illumination shows that there is 
in reality such a statistical distribution of thresholds, the nature of which 
corresponds to the demands of intensity discrimination. It is therefore 
assumed that intensity perception is a function of the number of related 
receptor elements which are functional in a given area. It is, however, true 
that intensity discrimination, though discontinuous, possesses no critical 
points. And moreover, frequency of discharge in a given cell is an experi- 
mentally demonstrable function of intensity. It is therefore concluded that 
to discriminate one intensity from the next perceptibly different one, theré 
must be produced in a group of related sense cells a constant increase in 
frequency of discharge, which is the result of the addition of one more func- 
tional element to those already functional. (Author’s abstract.) 


980TH MEETING 


The 980th meeting was held at the Cosmos Club, November 10, 1928. 

Program: Frank NeuMANN: The velocity of seismic waves over the Pacific 
regions. The data consisted of seismographic records of the Honolulu 
magnetic observatory where two Milne-Shaw seismographs have been in 
operation since 1921. Because of its central location with regard to earth- 
quakes in the Pacific region, records were available for earthquakes occurring 
at all points of the compass, and this fact is largely responsible for the most 
important result obtained in a recent investigation; namely, that under 
favorable circumstances the surface waves recorded at Honolulu can be 
definitely broken up into two major types—Love waves and Rayleigh waves. 
In twenty-seven cases, earthquakes recorded at or near cardinal points of the 
compass showed the transverse or Love wave dominant on one component 
only, and the Rayleigh wave on the other. 

Love waves radiating from sources on the Pacific coast travel to Honolulu 
with a speed 20 per cent greater than that of the dominant Love wave group 
over the continent. Some records covering the region north of Honolulu 
show sharp activities at velocities corresponding to those which Jeffreys 
deduced for the two outer layers and the rock mantle of the earth’s crust. 
The possibility that these activities were ‘‘beats’’ was discussed. 

A slide was shown illustrating the method of studying all available records 
for the purpose of determining whether subsidiary activities definitely indi- 
cate the presence of surface layers over various paths of the Pacific basin. 

The periods of Love waves increase with distance but may vary 50 per cent 
from the average value. The periods of Rayleigh waves cluster in groups 
which are multiples of ten seconds increasing to forty seconds at the greater 
distances. 

From studies of the Honolulu seismograms and also other records, it 
appeared possible to determine something of the nature of the interior trans- 
verse or second preliminary tremor. The azimuth of the initial impulse of the 
so-called S wave at an observatory appears to be a function of the direction of 
the initial impulse at the origin of the disturbance. The following rule 
seems to apply: The azimuth of the impulse at the origin equals (1) The 
azimuth from the station to epicenter, plus (2) the azimuth from epicenter to 
station, minus (3) the azimuth of the S impulse at the station. All azimuths 
are counted from north around by east through 360°. Several diagrams were 
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shown to illustrate how the application of this rule yielded a common direction 
of impulse at earthquake origins. (Author’s abstract.) 

L. H. Dawson, L. P. Granatu and E. O. Hutsurt: The transmission of 
ultraviolet light through the lower atmosphere. Measurements have been made 
of the attenuation of ultraviolet light in the spectrum region 4000 to 1860 
angstroms by the atmosphere at sea level. The absorption coefficients were 
derived from spectra of a 1 kilowatt quartz mercury light taken at distances 
up to about 500 meters with a quartz spectrograph; suitable comparison 
spectra were impressed on each plate, and measurements of the line intensities 
were made with a recording densitometer. For wavelengths longer than 
43000 no appreciable absorption could be observed at the distances used, and 
it was assumed that the Rayleigh molecular scattering law held for this 
spectral region. At shorter wavelengths pronounced absorption (above that 
attributable to molecular scattering) set in at about \2800, and increased with 
decrease in wavelength. The absorption was found to be the same for day 
and night and to be unaffected by changes in the humidity. It varied, how- 
ever, with the visibility, getting greater as the visibility became poorer. 
The visibility was judged by the appearance of objects on a sky line seven 
miles away. The conclusion in general was that there is a relatively perma- 
nent absorption due to the atmospheric gases together with a changeable 
absorption due perhaps to particles, such as dust, water droplets, etc. For 
wavelengths below, say, \2100, oxygen seemed to be the most important 
cause of the absorption, but for wavelengths between A2100 and 2800 the 
exact origin of the absorption was uncertain. It may be due primarily to 
oxygen, but other gases such as ammonia, water vapor, oxides of nitrogen, etc., 
may have an appreciable influence. Apparently there is not enough ozone 
in the lower atmosphere to produce a noticeable absorption. 

The absorption of the lower atmosphere was found to begin at about 42800, 
which is the wavelength region where the opacity of the high atmosphere 
commences (due to ozone at 50 km. or so). At 2800 the intensity of the 
light would be reduced to 1/10 ina distance 5to 10km. This is not sufficient 
to account for the sharp cessation of the solar spectrum at about 2800, and 
therefore the result is in keeping with the fact that the ultraviolet limit of the 
solar spectrum is due to effects of the high atmosphere. (Authors’ abstract.) 

H. E. Merwin, Recording Secretary. 
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